Abstract: Energy security, fluctuating petroleum prices, resource depletion issues and global climate change have driven countries to consider adding alternative and renewable energy options to their conventional energy share. The use of biofuel such as non-edible oils-based biodiesel is as an option over conventional diesel and could be important for the development of a sustainable and eco-friendly energy resource. The aim of the present study was to select the most feasible non-edible plant oil as biodiesel feedstock by using Analytic Hierarchy Process (AHP), one of the multi-criteria decision making methods based on priority estimation model. Among various non-edible plant oils which are widely available in the South-East-Asian region, selection of the most feasible plant oil was evaluated based on seven criteria; seed oil yield, oil yield, free fatty acid (FFA) content, cold filter plugging point, oxidation stability, easiness to grow in marginal land, and availability in tropical areas. The obtained results from priority determination showed that nyamplung was the most efficient feedstock of biodiesel for the industry with the criteria weightage of 0.180. It was followed by kemiri sunan (2 nd order) having weightage of 0.164, physic nut 0.150 (3 rd order), Indian beech 0.107 (4 th order), Indian milkweed 0.095(5 th order), lead 0.092 (6 th order), kapok 0.076 (7 th order), cassia 0.049 (8 th order), soursop 0.043 (9 th order) and monkey pod 0.043 (10 th order). This study highlights an insight into multi-criteria decision making technique to assess the feasible plant oil for biodiesel production that could aid decision-making in the industry and policy development, particularly for the South-EastAsian region.
Introduction
Energy is the primary requirement of human survival and actions. The key source of energy is fossil fuels which have been used predominantly since the industrial revolution. Modern civilization has been the major cause of continuous extraction and utilization of fossil fuels (coal, natural gas and petroleum) for different kind of purposes [1] . However, these sources are finite in nature and could be depleted in the near future because of its non-renewable characteristic. As fossil fuels are carbon-based energy, it is the reason of various environmental problems due to the emission of carbon dioxide (CO2), sulfur dioxide (SO2), nitrogen oxide (NO2), carbon monoxide (CO) upon combustion [1] . As a result, researchers are now focusing more towards renewable energy resources which have the potential of solving many environmental concerns as well as improving the current environmental status [2] .
To be an efficient alternative to fossil fuel, a substitute should not only have superior environmental benefits, but it should also be economically competitive and be able to meet energy demand to make a positive impact [3] . Because of the fluctuating price, possible depletion of fossil fuel and harmful effects to the environment, transportation biofuel have gained interest as a promising alternative.
Biodiesel has been well received almost globally because of various factors such as renewability, eco-friendliness, non-toxicity, and biodegradability [3] . Compared to the conventional petroleum fuel, biofuel reduces emission of carbon dioxide by 78% (lifecycle basis) [4] . Biodiesel can be defined as the mono-alkyl esters of long fatty acid resulted from transesterification or other methods by using renewable lipid feedstock. It can be found in different phases such as solid, liquid, or gaseous fuels that are produced from different parts of the plant, residues, agricultural crops, municipal waste and agricultural and forestry by-products [5] .
Fulfillment of the oil and energy requirement depends on oil production as well as the resources. Among different kind of biofuel resources, it is considered that first generation biofuels which are mostly produced from edible seed oils and food crops are limited in their ability to attain targets for biofuel production and could be conflicting with food production. These concerns have catalyzed the interest in exploring the second generation biofuels, commonly produced from non-edible feedstock and agricultural residues.
This study was aimed at determining priority plants (non-edible) to be used as feedstock for biodiesel production, particularly in the South-East-Asian region whereas priority was determined based on some criteria. A multi-criteria decision making tool, known as Analytic Hierarchy Process (AHP) was used to determine biodiesel producing plant priority.
Analytic Hierarchy Process (AHP) is an effective tool to deal with complex decision which was developed by Saaty (2008) with an aim to aid decision maker in setting priorities and making the best possible decision. AHP is helpful to cover both the objective and subjective aspect of a complex decision by reducing it into pairwise comparisons which synthesize the result. In addition, AHP consist a technique to check consistency of decision maker's evaluation and thus reduce the scope to be biased [6] .
AHP analysis is carried out by following two main phases which are the Hierarchy Design and the Hierarchy Evaluation. In order to create a good and suitable Hierarchy Design, vast literatures and datasets have to be accessible to the researchers or the process must be aided by a Focus Group Discussion (FGD). FGD is normally conducted amongst a group of experts in the related field of study so that the chosen criteria will be the representation of the experience and knowledge of the experts in the concerned area [7, 8] . On the other hand, AHP Hierarchy Evaluation includes a multi-level hierarchical structure which is the composition of objectives, criteria, sub-criteria, and alternatives. A set of pairwise comparisons are later executed to obtain data whereas the comparisons are used to get weightage of the criteria as well as the priority vector of the alternatives in terms of each selected criterion [9] .
Identification of biodiesel producing plant, determination of the criteria, assessment of the importance of each criterion as well as alternative plants in each determined criterion were done by using literature review and conducting FGD method.
Materials and methods

Selection method of non-edible plants
The priority plants that can be used to produce biodiesel were determined by using Analytic Hierarchy Process (AHP) method. Seven criteria have been considered in the determination of the inedible plants. These criteria included seed oil yield, free fatty acid (FFA) content, cold filter plugging point, oxidation stability, oil yield, easiness to grow in marginal land and availability in tropical areas. Three stages were followed while evaluating the selected plants. The first stage of hierarchy was the selection of potential biodiesel plants. Subsequently, the second stage involves the consideration of criteria which were used to select the potential plants and the alternatives (non-edible plants) selection was the third stage. This plant selection hierarchy is depicted in Figure 1 . 
Non-edible plants
Based on existing information about biodiesel producing plants which has been found in previous literatures and conducted FGD sessions, several non-edible oil producing plants were chosen for this study. Most of the plants have several common names in accordance to its geographical locations and the discussion below could give some insight into its characteristics and properties.
Calophyllum inophyllum (Nyamplung)
Belonging to the family clusiaceae, it is a multipurpose tree which is commonly familiar as penaga laut in Malaysia and nyamplung worldwide [10] . This plant has multiple origins including wide availability in tropical areas [11] . It is one of the most efficient biodiesel feedstock because of its high seed oil yield [12] . The seed oil content is 51.2% (weight basis) having higher productivity or oil yield of 2000 (kg/ha). In addition, it has high oxidation stability, cold filter plugging point, and FFA content which are 8.5 h, −2 °C and 20 (wt%) respectively. Moreover, it can grow easily in marginal land [13] .
Albizia saman (Monkey pod)
Monkey pod is a species from the pea family, fabaceae [14] . The oil production capacity of monkey pod plant is 180 kg/ha while its seed oil yield is 4.7% (w/w). Although, it has higher oxidation stability (6.5 h) and cold filter plugging point (−1 °C), it has low free fatty acid content (2 wt%). However, easiness to grow in marginal land as well as wide availability in tropical areas have been considered as important characteristics of this plant to be used as biodiesel feedstock [15] .
Reutealis trisperma (Kemiri sunan)
Kemiri sunan or 'Philippine tung' is a monotypic plant which belongs to the family euphorbiaceae [16] . Compared to other biodiesel feedstock, higher oil content is considered as the major advantage of kemiri sunan [17] . Its oil yield is 5500 kg/ha and oil content of seed is 40.2 % of its weight. Its oxidation stability is 7 h while cold filter plugging point and FFA content are respectively −1 °C and 7 (wt%) [15] . In addition, it has specific oil characteristics, relatively rapid growth, wide distribution in tropical areas, easy growing capacity in marginal land as well as suitability for land conservation [17] .
Calotropis gigantea (Indian milkweed)
Indian milkweed or swallow-wort is a shrub of the genus Calotropis and the family asclepiadaceae [18] . It has multiple origins including wide availability in tropical areas. Its seed oil yield is 33.3 (wt%) and oil yield is 500 kg/ha. Though, it has higher FFA content (28 wt%), it has lower Cold filter plugging point (8 °C) and Oxidation stability(1.4 h) [15, 18] .
Ceiba pentandra (Kapok)
Silk-cotton tree or kapok is the common name of Ceiba pentandra (family-malvaceae) [19] . It is found in tropical areas and can grow in marginal land as well. The seeds of the plant contain relatively high non-edible oil which makes it a potential source of biodiesel. The oil content of seed is 23.1 (wt%) having oil yield of 450 kg/ha. Its FFA content, cold filter plugging point and oxidation stability are respectively 15 (wt%), −4 °C and 0.8 h [15] .
Jatropha curcas (Physic nut)
Physic nut or purging nut, is a multipurpose deciduous small tree or shrub, belongs to euphorbiaceae family [20] . Among the non-edible oil sources, this plant has gained tremendous importance as it has higher seed oil yield (45 wt%) and oil productivity of 2800 kg/ha. It is quite easy to grow in marginal land having distribution in tropical areas. FFA content of the oil is 14 (wt%). The oxidation stability and cold filter plugging point of the fuel produced from physic nut seed oil is 6.7 h and −2.5 °C respectively [15, 21] .
Leucaena leucocephala (Lead)
It is a leguminous fast growing tree which belongs to fabaceae family. Since, it was predominantly populated in Mexico and Central America but now it is naturalized in most of the tropical and subtropical regions around the world [22] . The advantages of using the plant in biodiesel industry is its capacity to grow in marginal land very easily and high oil yield (3000 kg/ha). The oil content of seed is 4.2% of its weight. It has lower FFA content (6%), cold filter plugging point (20 °C), and oxidation stability (1.7 h) [15, [23] [24] [25] .
Pongamia pinnata (Indian beech)
Belonging to the family fabaceae, the plant is mostly familiar as Indian beech and karanja [26] . Although, the plant has been considered as a viable source of non-edible oil for the burgeoning biodiesel industry recently, this plant has been used predominantly for various purposes in India and some other parts of Asia [27] . The plant has a productivity of 2300 kg/ha oil while seed oil yield is 39.2 % of its weight. It can grow in marginal land easily. The oxidation stability of the fuel is 4.5 h. FFA content and cold filter plugging point are respectively 3 (wt%) and −3°C [15, 28] .
Senna siamea (Cassia)
Cassia is one of the highest biomass producing plants which belongs to the family fabaceae [29] . It is found in tropical areas and easy to grow in marginal land. The plant produces 280 kg/ha oil having seed oil content of 5.4 (wt%). Its FFA content is 17 (wt%). The fuel has oxidation stability of 3.9 h and cold filter plugging point is 4 °C [15] .
Annona muricata (Soursop)
It is a broadleaf, flowering, and evergreen tree which is widely known as soursop, has emerged as a potential candidate for biodiesel production [30] . The plant is found in tropical areas and can grow in marginal land as well. The plant seed is rich in oil (20.5% of weight) with oil productivity of 300 kg/ha. The FFA content (4 wt%) and oxidation stability (0.6 h) are lower in the fuel whereas it has good cold filter plugging point (−1 °C) [15] .
The description summary of all the criteria is presented as Table 1 . 
AHP (Analytic Hierarchy Process)
In AHP, a hierarchy of sub-problem is constructed by decomposing a decision problem which can be evaluated subjectively. After converting subjective evaluations into numerical values, each alternative is ranked numerically. The AHP method is mainly composed of four steps namely (a) structuring the hierarchy, (b) pairwise comparisons of criteria and alternatives (c) synthesis of the priorities and (d) consistency check [6, 9] .
Structuring the hierarchy
A hierarchy, considered as a fundamental of AHP, is structured by breaking down a complex multi-criteria decision problem into interrelating decision elements; goal, criteria and alternatives. Hierarchy shows the relationship among different level of the hierarchy. The relationship is filtered down to the lower level representing the connection of one element with every other element (direct or indirect) [6, 31] . In this study, a hierarchy is constructed to have three levels; the top level is the objective to be achieved, the middle level which is the criteria used to evaluate alternatives and the bottom level representing the alternatives to achieve the goal (Figure 2 ). 
Comparative judgment of the criteria and alternatives
The AHP computation was done based on pairwise comparison matrix which gives the relative importance of various attributes with respect to the objective. After decomposing the problem into the hierarchy, prioritization procedure starts to determine relative importance of criteria and alternatives. Saaty, (2008) considered the comparison or judgment as a numerical representation of the relationship between two elements which share a common parent. In AHP multiple pairwise comparisons, a standard comparison scale of nine levels is used to express degree of preference of one element over another (Table 2) [6, 9] .
The length of pairwise comparison matrix is equivalent to the number of criteria used in decision making process. As this study involves seven criteria, the comparison matrix of criteria was 7/7 matrix and similar matrix equivalence for alternatives as well. The value in pairwise comparison matrix was determined by Focus Group Discussion (FGD). In our study, FGD were conducted in three independent sessions, involving two experts from academia and two experts from the industry. The FGD is crucial in order to ensure that the criterion being chosen are not biased and based on a knowledge-based consensus. This procedure, although qualitative, is very important so that the vocabulary and terminology being used in biodiesel research area are correctly used, giving insight into public thought as well as supplying indicators of false criterion. The assessment regarding the importance (criteria weightage) of each criterion is presented as pairwise comparison matrix in Table  4 and the pairwise comparison matrix of alternatives regarding each criterion is listed as Tables 6-12. 
Here, A is the pairwise comparison matrix, w is the weight vector (normalized), λmax is the maximum eigenvalue of the matrix A.
Maximum eigenvalue (λmax) was calculated by the Eq 3.
In Eq 3, the results showed a positive reciprocal matrix A= { } with = 1 . Here, is the representation of numerical equivalence of the comparison between two criteria (criterion i and criterion j [6] .
In case of complete consistency of pairwise comparisons, the matrix A hold the rank 1 and λmax = n. In this scenario, normalization of any of the rows or columns of A could be done to obtain criteria weightage [33] .
The final stage of AHP calculation is the determination of Overall Priority Vector (OPV). The OPV was obtained by summing the product of the priority vector of alternative and the criteria weightage, with respect to that criterion. The Overall Priority Vector shows the rank of the alternatives with respect to the goal (Table 13 ) [6] . 
Consistency check
Since, the result quality is strictly related to the consistency of the assessment of the pairwise comparison, the relation between the entries of A define the consistency (Eq 4). Such as:
Consistency of the matrix of n order has been evaluated. As the comparisons are subjective in this method, AHP result might contain inconsistency because of the redundancy. If the consistency is higher than standard level the assessment or comparisons might be re-examined [9] . The Consistency Index (CI) has been calculated by using following equation (Eq 5).
The final Consistency Ratio (CR), based on which it can be concluded whether the consistency of the assessment is sufficient, was calculated as a ratio of Random Index (RI) ( Table 3) and Consistency Index (CI) (Eq 6) [6] .
Consistency Ratio has been calculated carefully as the standard upper limit of CR is 0.1. If the final CR value exceeds the standard value, the evaluation procedure has to be repeated. It is useful in evaluating the consistency of decision makers and the hierarchy as well [6, 9] .
Results and discussion
According to the result of AHP computation on the importance of criteria weightage, seed oil yield (wt%) was the criterion of highest influence while determining biodiesel producing plant priority. On the other hand, the criterion with least influence was the availability in tropical areas. The results obtained as criteria weightage is listed from the highest to the lowest as follows-seed oil yield (0.3002), oil yield (0.2817), FFA content (0.1664), cold filter plugging point (0.0899), oxidation stability (0.0865), easiness to grow in marginal land (0.0463), and availability in tropical areas (0.0289) ( Figure  3) .
Determination of prior biodiesel producing plant was done based on Overall Priority Vector (OPV) of each alternative. The obtained result from priority determination shows that, nyamplung is the most efficient source of biodiesel industry having weightage of 0.180. It is followed by kemiri sunan (2 nd order) with weightage of 0.164, physic nut 0.150 (3 rd order), indian beech 0.107(4 th order), indian milkweed 0.095(5 th order), lead 0.092 (6 th order), kapok 0.076 (7 th order), cassia 0.049 (8 th order), soursop 0.043 (9 th order) and monkey pod 0.043 (10 th order) ( Table 13 ). As soursop and monkey pod poses same weightage, these plants are interchangeable while selecting preferred plant as feedstock.
Result from AHP analysis of alternatives is presented in Figure 4 . It shows that nyamplung is the best candidate for alternatives, followed by kemiri sunan and physic nut. The lowest priority is shown by soursop, which is aligned with the discussion made by Phoo et al. (2013) [15] . 
Conclusions
This study introduces a priority estimation model known as AHP which determines the priority vector of different non-edible plant oils that could be used as a biodiesel feedstock, particularly in the South-East-Asian region. The AHP methodology could be helpful in assessing relevant criteria critically and logically to make a sensible decision.
Although all the selected non-edible oil producing plants have the potential to be used as a biodiesel feedstock, nyamplung (Criteria weightage: 0.180) is the most feasible one and can be emphasized to be used as a suitable feedstock for biodiesel, according to the result of this study. On the other hand, soursop and monkey pod are the plants with the same importance (Criteria weightage: 0.043) which poses the least preference in case of selecting biodiesel producing plants. However, it should be noted that the recommended feedstocks are only highly potential, if it could be produced at commercial quantities that qualifies a biorefinery concept.
As AHP reduces bias decision by checking consistency, the result will be more reliable for future researchers. The results of the study could be useful to select non-edible plants to be developed in order to support the implementation of the government policy regarding biodiesel development. Moreover, findings from this study could aid decision making in the biodiesel industry to select best non-edible plant oil feedstock for biodiesel production.
